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Final Exam 

AB E 313.3 Instrumentation 
April 30, 2003 

3 hours Closed book - no aids 

Answer in booklet provided unless indicated otherwise. Calculators permitted 


10 1) Define the following, with regard to the material that has been covered in this course. 

a. CMRR 

b. Coefficient of determination 

c. Voltage follower 

d. Zero order system 

e. Gage pressure 

10 2) Design a low pass filter (stable integrator) with the frequency characteristic as shown in 

the following diagram. (Hint: Input impedance of the filter should not be less than 10 
kQ). 



Angular frequency (w), rad/s 

Frequency response curve for a low pass filter (not to 

scale) 


3) Explain the principle of operation for a dew point hygrometer (chilled mirror 
technique). How do you calculate relative humidity using this hygrometer? Show your 
work using a sketch of a psychrometric chart. 
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25 4) Describe the working principles of the following (use figures as necessary). 

a. RTD 

b. McCleod gage 

c. LVDT 

d. Micro manometer 

e. Hot wire anemometer 


5 


5 


20 


5) In a uniaxial tension test, a nominal 120-Q strain gage is mounted on the specimen in 
the axial direction to record the axial strain. At a certain load, the gage resistance 
changed to 123.5 Q. What was the axial strain of the specimen at that gage resistance? 
Assume the gage factor of the strain gage as 2. 

6) A closed, 20-m diameter, cylindrical ta nk is positioned with its longitudinal axis 
horizontal. The tank contains water 10 m deep. It has a U - tube mercury manometer 
connected near the top, which shows vacuum above the water surface of 200 mm Hg. 
What pressure (in Pa) will a Bourdon tube connected to the bottom of the tank indicate? 
Specific weight of water = 9810 N/m and one atmosphere = 760 mm Hg. 


7) 


An instrumentation engineer has designed and built a static pressure transducer using 
one bellows and a cantilever beam (Figure below). Four strain gages (120 Q each) with 
gage factor of 2.0 were mounted on a 15 mm x 30 mm (h x b) beam at a height of 30 
mm above the fixed base. The bellows point of contact with the beam is 150 mm above 
the base. The gages are placed in four arms of a wheatstone bridge, so as to obtain 
maximum output with the output zero when the pressure is atmospheric. Bridge supply 
voltage is 12 V. The modulus of elasticity for the steel cantilever beam is 200 GPa. 
Assume the bellows area is 625 mm and it offers no resistance to the applied force. 


(Hint: For cantilever beam, a = 


My_ 

I ’ 


M is bending moment, I is moment of inertia 


(-j-^- )and y is the fiber distance from neutral axis(h/2)). Find the following 

a. How do you connect the four strain gages into a wheatstone bridge circuit for 
maximum output (show your work). 

b. Power dissipation in each strain gage (in Watts), when P = atmospheric pressure. 

c. If the bridge output is 40.5 mV, find the pressure, P applied on the bellows. 
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Cantilever beam 
(15mm X 30mm) 

i 


' 



5 8) You use a K-type thermocouple to sense the temperature of outdoor air under very cold 

conditions. The Saskatoon weather station reported the outdoor temperature of - 50°C. 
With one junction of the thermocouple outside, you are measuring the thermal emf 
inside your research lab using a DMM. The mercury-in-glass thermometer showed the 
temperature of the research lab is 16°C. What is the expected thennal emf of the 
thennocouple? Show a sketch of the thermocouple with an indication of the current 
flow. 

5 9) A sinusoidal vibration has a peak displacement of 15 mm and a frequency of 100 Hertz. 

Calculate the following 

a) velocity and acceleration amplitudes and 

b) the phase relationship between displacement and acceleration. 

5 10) Explain why the natural frequency and damping are important factors in accelerometers. 
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ITS-90 Table for type K thermocouple 



-90 _ - 3.243 - 3.274 - 3.306 - 3.337 - 3.368 - 3.4 - 3.431 - 3.462 - 3.492 - 3.523 - 3.554 

-80 _ - 2.92 - 2.953 - 2.986 - 3.018 - 3.05 - 3.083 - 3.115 - 3.147 - 3.179 - 3.21 1 - 3.243 

-70 - 2.587 - 2.62 - 2.654 - 2.688 - 2.721 - 2.755 - 2.788 - 2.821 - 2.854 - 2.887 - 2.92 












































